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Abstract 
Today, world is facing the increasing energy demand, security of energy supply and reduction of emissions. Energy consumption 
which accounts for 60% global greenhouse gas emissions has mainly contributed to climate change. Renewable energy is an 
appropriate way to satisfy energy consumption without environmental degradation. Solar energy is one of the most promising 
renewable energy sources today. In recent years, organic solar cells (OSCs) which are a promising alternative to conventional 
inorganic devices have received much attention. In this research, OSCs are developed from organic material; Pulasan (Nephelium 
mutabile Labill), Kemunting (Rhodomyrtus tomentosa) and Poly (3- Dodecylthiophene) (P3DT). These OSCs are facbricated 
accordingly bulk heterojunction of ITO/P3DT+natural dye/Au via electrochemical method at room temperature. The OSCs was 
deposited onto heated substrate from 50˚C to 200 ˚C. From four point probes (FPP) data revealed that electrical conductivity 
increases by the increment of light intensity and temperature of substrate. Then, the samples were examined using Hall Effect 
measurement to obtain the type of sample, Hall mobility, and highest charge carrier in the sample of OSCs. Both samples 
detected was N-type of charge carrier from Hall effect measurement.   
 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
 
The search for clean and renewable energy sources has become one of the greatest challenges for our society, due 
to the rapid depletion of fossil fuels and increasing demand on energy supply. One of the most promising alternative  
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energy sources is solar energy which is clean, renewable, safe and abundant [1,2]. Solar cell is an electrical device 
that converts the sunlight directly into electricity by the photovoltaic effect.  
In recent years, organic solar cells (OSCs) which are a promising alternative to the conventional inorganic 
devices have received much attention. It is due to their high performance, potential applications, including low cost 
materials, ease of production, and lack of harmful emissions [3].  
The biological ingredients could be utilized almost anything from plants, minerals, and even some insects which 
can be extracted by simple procedure. Most natural dye colours are found in the roots, bark, leaves, flowers, skins, 
and shells of plants. The advantage of natural are that they are cost effective, renewable, eco-friendly i.e., they do 
not create any environmental problems at the stage of production or use, maintains ecological balance and has no 
allergic reaction on skin [4-5], their abundance in supply, easy accessibility and high absorption in the visible region 
make them all good candidates as alternative photosensitizer [6]. It has been emphasized by many researches to 
obtain useful dyes as photosensitizers for solar cell from natural products [7-13]. 
In this study, OSCs were formed to find their electrical conductivity, and Hall Effect measurement. The 
substrates indium tin oxide (ITO) glass, polymer Poly (3-Dodecylthiophene) (P3DT) and natural dye Pulasan 
(Nephelium mutabile Labill) and Kemunting (Rhodomyrtus tomentosa) fruit were used to form OSCs. The OSCs 
were deposited using electrochemical method.  
 
Nomenclature 
OSCs Organic Solar Cells  
ITO  Indium Tin oxide 
P3DT Poly (3-Dodecylthiophene)  
FPP Four Point Probes  
HEM Hall Effect Measurement 
 
2. Experimental  
2.1 Sample collection and preparation  
Pulasan (Nephelium mutabile Labill) and Kemunting (Rhodomyrtus tomentosa) was hand-picked from three 
separate plants in Dungun, Terengganu. The fruit were carefully collected and packed into plastic boxes to avoid 
physical damage, and then transported to the laboratory within 2 h. Upon arrival, the fruit were selected based on 
their color (dark purple). This color, which is a maturity indicator. In the laboratory, fruits were washed under 
tapwater and then rinsed in distilled water three times to remove the contamination of fruits.  
The 2 cm x 2 cm ITO glass were used as a substrate. The cleaning process of substrates was done using 
ultrasonic vibrator (JEIOTECH model). The tank in ultrasonic vibrator was rinsed using distilled water to make sure 
it is cleaned [14]. 50ml beaker filled with distilled water and ITO substrates was put into the ultrasonic vibrator. 
Then, ITO substrates were thoroughly cleaned by distilled water, the detergent. It was followed by acetone in order 
to remove any contaminations that might have been formed on the substrates [15] and distilled water. The time was 
set for 20 minutes, 30°C and mode vibration was set as medium for each cleaning. Lastly, the ITO substrates were 
dried using the dryer before kept into a Petri dish. P3DT was prepared through polymerization of the 
Dodecylthiphene.  
2.2 Extraction of dye  
The 20 g of kemunting (Figure 1) were immersed in 200 mL of distilled water for 10 minutes. Then, it was 
crunched into small size and immersed with ethanol for 2 days. After that, it was vibrated using ultrasonic bath for 1 
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day. This was done in order to maximize the efficiency of natural colorant extraction [16]. Lastly, the solution was 
filtered to yield the extraction of kemunting. The process was repeated for pulasan (Figure 2). 
 
Figure 1: Plant (A), and fruits (B,C, D) of                          Figure 2: Plant (A, B), and fruits (C, D, E) of 
Nephelium mutabile Labill                                                     Rhodomyrtus tomentosa 
                    
Thin Film Deposition Process 
 
The thin film was prepared using Electrochemistry method. The blend of P3DT+Kemunting 
(ITO/P3DT+Kemunting) and blend of P3DT+Pulasan (ITO/P3DT+Pulasan) were deposited on heated substrates by 
electrochemical method using electrochemical Impedance spectroscopy (EIS) PGSTAT302. EIS located in School 
of Ocean Engineering, Universiti Malaysia Terengganu. A typical electrochemical impedance experimental set-up 
consists of an electrochemical cell (the system under investigation), and a potentiostat/galvanostat. Based on the 
concentration of the solution, the less concentration of the solution will generate more cyclic in order to ensure the 
desired thickness is formed [17]. 
                     
                                     Figure 3: Structure of Bulk Heterojunction Organic Solar Cell  
 
Characterization  
 
A. Electrical conductivity 
 
The samples were measured in two conditions. They were; in the dark condition and under illumination of light. 
The sheet resistivity produced by films was measured using FPP (Jandel RM3 Test Unit). The two outer probes 
supply a voltage difference that drives a current through the film. The two inner probes pick up a voltage difference, 
and the sheet resistivity is calculated from Equation 1 via a physical model of the current distribution. The unit of 
sheet resistance is ohms per square (Ω/sq): 
RS = 4.532 x V / I         (1) 
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Where, RS is the sheet resistance, 4.532 is the correction factor, V is the voltage measured and I is the current applied 
from the test unit. Thus, electrical conductivity () can be determined which it is the reciprocal of RS, as described in 
Equation 2.
 = 1/RS (2)
B. Hall Effect Measurement (HEM)
In HEM, the samples should have well-defined geometries and good ohmic contacts in order to obtain the 
accurate results. The samples must have vdP geometry. The ITO substrates were placed on the sample holder as
shown in Figure 4. The sample on the holder system is then connected to contacts 1, 2, 3 and 4, using the silver paint 
on four edges. The connection to the contact is then tested using a multimeter to ensure proper contact.
Figure 4: The geometry of sample holder [18]. Figure 5: The numbering for Hall calculations
The measurements were performed using the Leois-JSF software. The software was developed and tested
through the corporation of Physical Sciences Department, Universiti Malaysia Terengganu, led by Dr Salleh Harun 
and Nanorian Technology [19]. The Hardware system called Hall Effect measurement system model 7600. The 
important part of this HEM system is ensuring that the room temperature and set temperature was equivalent (20°C) 
in order to prevent the power supply from breakdown. The measurement consists of two parts. The first parts are
called the IV curve traces measurement and the second part is variable magnetic field measurement. The purpose of 
IV curve traces measurement is to make sure that all the contacts are in good connections. In this work, the magnetic
field fixed was 10 kG (1 Tesla) and the current was 0.1 A [20]. In addition, Figure 5 shows the numbering of sample
for Hall calculations which used in this work.
Referring to Figure 5, the Hall voltage V+31,42 (+B) is measured between contact point 4 and 2 when a current I+31
is passed from points 3 and 1. With field and current reversal, there will be eight voltages can be measured.
According to our previous paper [20], HEM can be calculated as follow,
Hall voltage average, VH avg;
                      
 
The RH in vertical (RHc) and horizontal (RHD) directions respectively are given as;
  
 
 

  
  
  
  
And;  
  
 
 

  
  
  
  
(4)
(5)
(3)
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The Hall coefficient average, RH avg calculated by; 
 
 
  
  
    
If the thickness is unknown, the layer or sheet carrier concentration, ns = n, is used instead of the bulk density,  
  

 
 
The unit of RH will be m3C-1, if thickness is in meter, magnetic field, B in Tesla, voltages, v in volt and current, I in 
ampere. If t is excluded, then RH becomes the sheet Hall coefficient. Where, B in Gauss unit, I in ampere, and VH in 
volt. Then the Hall mobility (μH) is given by 
 

  
     
Lastly, types of charge carrier. It is determined by the polarity sign of VH avg from (1) and polarity sign of RH avg in 
(4). If the polarity sign is positive, the type of charge carrier is holes and called P-type. In contrast, if negative sign, 
it is electrons and called N-type.  
C. Efficiency 
The efficiency of organic solar cell can be calculated as follow: 
    
 
                                                      Pin=Intensity× Effective Surface Area 
Pout= Imax ×Vmax 
Where, is the efficiency, I is current and V is voltage. 
3. Results and Discussion 
 
A. Electrical conductivity 
 
The electrical conductivity at different intensity of light is shown in Figure 6. The conductivity was proportional 
with the intensity of light for samples ITO/P3DT+Pulasan and ITO/P3DT+Kemunting. The electrical conductivity 
for both types of sample increases with the increment of light intensity and substrate temperature. This happen 
because of the samples were absorbed the light energy and converted to the electrical energy [21].  
 The ITO/P3DT+Pulasan samples shows higher electrical conductivity compared to ITO/P3DT+Kemunting. The 
plant pigments of Kemunting are anthocyanins and flavonols [22]. These plant pigments exhibit electronic structure 
that interacts with sunlight and alters the wavelengths that are either transmitted or reflected by the plant tissue. This 
process leads to the occurrence of plant pigmentation and each pigment is described from the wavelength of 
maximum absorbance (λmax) and the color perceived by humans [23].  
The electrical conductivity detected was in ranges of 2.45 ×10-1 Sm-1 to 2.87×10-1 Sm-1. The highest electrical 
conductivity for ITO/P3DT+Pulasan sample was 2.87×10-1 Sm-1 while for ITO/P3DT+Kemunting sample, the 
highest electrical conductivity detected was 2.70×10-1 Sm-1 . Both detected at 200 Sm-1 substrate temperatures. This 
is due after heat treatment, the particle size becomes larger, and the particle shape becomes more regular. Then, the 
film atoms more energetic at higher temperature to migrate and more un-perfect crystal nucleuses sufficiently grow, 
leading to the reconfiguration of the grains and the formation of particles with perfect crystal structure [24]. This can 
be explained on the basis of an electrical activation of the impurities contributing to the free carrier concentration in 
films [25]. The increase in conductivity can be ascribed to the increase in carrier concentration and carrier mobility 
and the decrease in resistivity [26-27].   
 
(9) 
(9) 
(10) 
 A.R.N. Laily et al. /  Procedia Chemistry  19 ( 2016 )  2 – 9 7
 
Figure 6: Electrical conductivity for ITO/P3DT+Pulasan and ITO/P3DT+Kemunting thin films 
 
B. Hall Effect Measurement 
The Hall measurements were performed under room temperature. Figure 7 below shows how carrier 
concentration (ns), Hall Voltage (), Hall Mobility (), and Hall Coefficient (RH) are related with the substrate 
temperature for the ITO/P3DT+Pulasan and ITO/P3DT+Kemunting thin film samples. Hall Effect measurements 
revealed that all the films exhibited N-type carrier. On increasing the substrate temperature from 0 to 200˚ C, the 
carrier concentration increases from -2.90 × 1020 cm-3 to -1.15 × 1020 cm-3, while Hall voltage and Hall Coefficient 
decreases from -1.17 × 10-3 cm-2V-1S-1 to -2.79 × 10-3 cm-2V-1S-1. The Hall mobility also underwent a change from 
3.12 to 5.1 mV. 
 
  
               Figure 7 (a): Carrier concentration              (b) Hall Volatge as function of substrate temperature 
From Figure 8 (a), the improvement of Hall mobility with the increasing of substrate temperature is attributed to 
the grain boundary scattering. This is due to the grain size goes up and surface roughness is improved with the 
increasing of temperature. According to the above discussions, the increase of carrier concentration results in the 
increasing of ionized impurity center which enhance the ionized impurity scattering. At the same time, the reduction 
of grain size and the deterioration of the surface roughness lead to strong grain boundary scattering. Therefore, the 
electron mobility is deteriorated with further increasing of substrate temperature [28].  
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              Figure 8 (a): Hall Mobility                           (b) Hall Coefficient as function of substrate temperature 
Types of Charge Carrier 
The charge carrier type can be determined by the polarity of the Hall voltage and Hall coefficient. If negative, the 
charge carriers are electrons and the material is of the N-type. In this work, it was found that, the Hall coefficient is 
negative for all samples. This finding indicates that the majority carriers are electrons, according to the concept of 
semiconductors.  
 
4. Conclusion 
The ITO/P3DT+Kemunting dye, ITO/P3DT+Pulasan dye as Bulk Heterojunction Organic Solar Cell deposited 
on the heated ITO substrate were successfully prepared by EIS method. The highest electrical conductivity at 200˚C 
of temperature substrate was 2.87 × 10-1 Sm-1.  For Hall Effect study it was found that, the polarity sign of Hall 
coefficient and polarity of Hall Voltage obtained were negative for all samples. This finding indicates that the 
majority carriers are electron. The ITO/P3DT+Pulasan thin film shows higher electrical properties compared to 
ITO/P3DT+Kemunting thin film samples. From results obtained, we conclude that our samples deposited on ITO 
substrate are successfully investigated and improve the electrical properties of the commercial ITO substrate. 
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